Recent studies showed that the Himalayan glaciers are reducing alarmingly. This is attributed to global warming. Since the melt water of Himalayan glaciers and snow is the principal source of water for several rivers, a decrease of this source is a calamity for the large fraction of global population living in nearby regions such as India. In Asia for the 60% global population only 36% of global water is available. Any further decrease of this vital necessity makes the very existence of billions of people doubtful. Here we show, using both observations and one IPCC-AR4 model with high horizontal resolution, that the Himalayan region in fact underwent a maximum warming of 2.5˚C from 1950 to 1999 and would reach the highest temperature rise of 9˚C in 2100. Temperature and rainfall variations determine a simple climate classification proposed by Köppen. We show changes that occur in climate and biosphere using this classification. Also we discussed the impact of warming and resulting changes in Köppen climates on the floods and malaria in India.
layas reduces the glaciers which are the main source of water for the populations that depend on melt water [1] [2] [3] [4] . [2] [3] [4] showed that Himalayan glaciers are retreating alarmingly. These glaciers with warming release melt water that feeds the tributaries of several rivers such as Ganges, Indus, Brahmaputra, Mekarg, Yang-Tse, Irandi and others with glacial melt contributing up to about 45% of the total river flow [5] .
Presently in Asia for the 60% of global population only 36% of global water is available [6] . Thus, this vital necessity for human, animal and plant life is already scarce in this part of the globe. Any further decrease makes the very existence of life doubtful. Thus the mass loss of Himalayan glaciers due to warming is of great societal concern.
A simple and sure way of verifying the global warming is to check for temperature rise. There are some studies suggesting warming over the Himalayas [7] [8] [9] [10] . Over Tibetan Plateau, [7] noted a warming of 0.16˚C per decade and using 7 instrumental records. [8] suggested that the western Himalayas (Karakoram glaciers) are cooling associated with thickening and expansion of some glaciers in contrast to decay and retreat of eastern Himalayas. However, in a recent study [11] found that Naimona'nyi glacier in the Himalaya (30˚27.06'N, 81˚91.94'E) not far from Karakoram glaciers is losing mass probably due to warming. [12] noted that the long term trends in the maximum, minimum and mean temperatures over northwest Himalaya during the twentieth century showed significant rise in the air temperature with winter warming occurring at a faster rate. [9] presented observational evidence to show that the surface air temperature on the eastern Himalayas or Tibetan Plateau has increased by about 1.8˚C over the period . [10] , using the microwave satellite measurements, showed that the tropospheric temperature over western Himalayas has increased 2.7˚C in the period 1979-2007 during the premonsoon season (March, April and May).
In view of the strong societal implications of the Himalayan glacier mass loss due to increase of temperature, it is of crucial importance to know how the temperature varies in a warming scenario. This can only be provided by one of the latest generation of global climate models with some degree of reliability. In the present study we use a high resolution [13] Ocean Coupled Atmospheric General Circulation Model (GCM) to estimate the temperature change over the Himalayan regions. Although in the beginning different GCMs gave different estimates of temperature change for a given concentration of CO 2 , recently they seem to have become more reliable converging to the same result [14] . Also it was shown that models that have higher fidelity for reproducing the present climate, predict higher values of global warming for doubled CO 2 [15] .
In a simple climate classification proposed by Köppen, surface air temperature is the principal meteorological element (finer divisions are based on precipitation). Köppen's classification can be effectively used to study biosphere changes [16] . In this paper we investigate the climate change, in particular, temperature variation and changes in biosphere in India and surrounding regions. Also we analyze the impact of these changes on floods in rivers fed by Himalayan snow and glacier melt and a tropical disease, Malaria.
Data Sources
Monthly mean surface air temperature and rainfall for the period 1950-1999 were ob-tained from [17] . The horizontal resolution is 0.5˚ latitude and longitude. For the model data, we used MIHR data [13] . The model results are for A1B Scenario (IPCC). The A1B scenario assumes significant innovations in energy technologies, which improve energy efficiency and reduce the cost of energy supply. Such improvements occur across the board and neither favor, nor penalize, particular groups of technologies. A1B scenario assumes, in particular, drastic reductions in power-generation cost, through the use of solar, wind and other modern renewable energies, and significant progress in gas exploration, production, and transport. This results in a balanced mix of technologies and supply sources with technology improvements and resource assumptions such that no single source of energy is overly dominant. Table 1 gives the horizontal resolution of all the 21 models used in [13] IPCC (2007).
It can be seen that the MIHR model has the highest horizontal resolution (1.125 latitude and longitude) compared to 20 others models of IPCC. Since the horizontal resolution of observed data source [17] is 0.5˚ latitude and longitude, we selected MIHR model data which has the best horizontal resolution. We used the Köppen classification for the biome distributions and bioclimatic classification. This simple climatic classification has advantages over complex dynamic vegetation models in that it is empirical and easy to apply for the prediction of future climates based mainly on temperature and rainfall. Here we used the Köppen vegetation types as given in Table 1 of [16] reproduced here in Table 2 . 
Results and Discussion
To increase the confidence on regional climate prediction, particularly for a future scenario, validation is necessary. We now make an attempt to validate the model temperature with observed temperature. have increased and moderate rainfall events decreased [18] . The increase of intense events increases the surface runoff and less water is retained in the soil. Thus, the overall picture of water availability is gloomy both for human consumption and food production. (significant at 99% level by a two sided "t" test) is seen. However, the quantitative value of the rate of snow decrease is subjected to model uncertainties and errors (see the comment in the conclusion section).
In the model the amount of snow and ice is calculated as a function of increase of temperature. This increase of temperature and decrease of snow and ice amount is because of the strong ice and snow-albedo feedback [19] . This feedback is a strong positive feedback mechanism that is as the temperature increases the amount of snow and ice decreases, decreasing the albedo, which in turn favors higher absorption of solar radiation leading to further increase of temperature. This seems to be the mechanism which is responsible for the increase of temperature seen in Figure 3 (a) and Figure   3 (b) over the Himalayas. The initial increase of temperature is probably due to the increase of greenhouse gases. This small initial increase of temperature has a drastic effect over the Himalayas reducing the snow and ice and because of the snow and ice albedo feedback mechanism, the temperature increases more sharply over the Himalayan region than in other regions.
Floods in India
In India northern rivers are snow fed and southern rivers are monsoon fed. India is the most flood-affected nation in the world after Bangladesh. It accounts for one fifth (1/5) of global deaths due to floods and on an average thirty million people are evacuated every year. These flood events in India are increasing (see Figure 5) [20]. 
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Geographic regions where water supply is dominated by melting snow and ice are predicted to suffer severe reduction in water volume as a result of warming [21] . Strong negative impacts such as precipitation variability, seasonal shifts in water supply and increased flood risk will offset benefits incurred by short-term increases in runoff from glacier melts [22] , such as Himalayan glaciers which form the headwaters for the Indus, Ganges, Brahmaputra and Kosi rivers. The increased warming over the Himalayan glaciers has left many glacier lakes. Rapid accumulation of water in these lakes due to warming might lead to sudden breaching of unstable dams behind which they are formed leading to floods.
Glacial Lake Outburst Floods (GLOFs) can occur because of the resultant discharge of large amounts of water and sediment. [23] noted that in the past 5 decades at least one GLOF event occurred between 3 to 10 years in this region. Bhutiyani et al. 2008 [24] noted a significant increase of high-magnitude flood events in the northwestern Himalayas. Liu et al. 2009 [25] noted that over the Tibetan Plateau annual runoff increased by 20% during the past decade and they also noted lake growth.
The ice and snow albedo feedback increases temperature as seen in Figure 2 glaciers and thus is directly affected by glacier melting due to Himalayan warming. [26] studied the floods in Brahmaputra river basin in India. They noted that floods in this river start from June, which probably may partly be due to the melt waters from Himalayan glaciers. They found that in the Brahmaputra River during the period 1987-1998 at 6 gauges sites a large number of floods occurred.
Although initially ice and snow melt leads to swelling of rivers fed by the melt waters, later the decrease in volume of water leading to scarcity of this vital source is bound to happen.
Changes in Köppen Climates
Figure 6(a) shows the real-word distribution of the Köppen climates as obtained from the Delaware temperature and rainfall data [17] for the period 1975-1999. The 14
Köppen climate types and vegetation types are the same as given in an earlier study [16] and 
Malaria in India
Warmer and more humid climates favor increase of tropical diseases such as Malaria.
Earlier we noted that in recent years (Figure 6 (a) and Figure 6 (b)) a warmer and humid climate Am occupied a larger area over peninsular India. Health Organization (WHO) [27] . [27] noted that annually India reports about two million cases and 1000 deaths attributable to malaria and there is an increasing trend in the proportion of Plasmodium falciparum (PF) as the agent (see Figure 1 of [27] ). [27] also mentioned that now 45% of all reported cases are due to PF. In a recent study, [29] warned that on a global scale the increasing air temperatures are at odds with the decreasing global trends in endimicity and geographic extent of Malaria. However, we suggest here that there can be a connection between the regional climate change and increase of Malaria and the possible relation between the two is worth investigating. Also, some studies [30] suggest the incidence of Malaria is highly sensitive to climate change and the endemic areas increased in some regions.
Conclusions
Observations Finally, in conclusion a word of caution should be written. The model projections have limitations because they are based on the lack of correct representation of some complex and still not completely understood processes such as tropical convection.
Further, the future AR-4 scenarios assume some social behaviour, which is again uncertain. The results of the present study, however, indicate the imminent danger of adverse climate change assessed with the current state of knowledge on populations in this part of the globe. Obviously, it is always safer and prudent to be prepared for the adverse effects of climate change. If this change will not happen or happens to a lesser degree and less rapidly, the consequences on the populations can be less disastrous, of course, if they are prepared for the change.
